Purpose Patient-reported outcomes (PROs) are an umbrella term covering a range of outcomes, including symptoms, functioning, health-related quality of life, and supportive care needs. Research regarding the appropriate PRO questionnaires to use is informative. A previously published latent class analysis (LCA) examined patterns of function, symptoms, and supportive care needs in a sample of US cancer patients. The current analysis investigated whether the findings from the original study were replicated in new samples from different countries and whether a larger sample combining all the data would affect the classes identified.
Introduction
Patient-reported outcomes (PROs) are an umbrella term for various information collected directly from patients about a health condition or its treatment [1, 2] . Different types of PROs include symptoms, functioning, health-related quality of life (HRQOL), and supportive care needs. Research regarding the appropriate PRO questionnaires to use is informative [3, 4] .
A prior study by members of our research team used latent class analysis (LCA) to examine the relationship between symptoms, function, and supportive care needs in individual patients [5] . The LCA results categorized 117 cancer patients in the US as either being high or low need, high or low function, or high or low symptom. Further, the results indicated that different domains contributed differentially to class assignment, supporting the need for an approach such as latent class analysis rather than simply summing domains.
This previous study also evaluated whether symptoms, function, and supportive care needs are redundant by examining the concordance of patients' class assignment for each of the three outcomes. That is, we examined the extent to which patients fell in concordant categories (highfunction/low symptom/low need or low function/high symptom/high need). While a majority of patients (66/117; 56 %) were in concordant categories, among patients with a deficit in at least one area (n = 68), concordance in classifications was much lower; 75 % had some discordance in their classifications. These findings suggest that using scores in one outcome (e.g., symptoms) to predict scores in another (e.g., function) may not be appropriate.
While informative, the previous study was limited by a relatively small sample size and subjects recruited from a single academic institution in the US. Because of the small sample size, it is not clear whether the two-class models were found because they best represent the clinical phenomena under study or because the sample size did not allow for the identification of larger (e.g., three-class) models. For example, an alternative classification with more than two classes could have categorized patients based on clusters of symptoms rather than levels of symptom burden (e.g., patients with gastrointestinal symptoms, patients with fatigue, and patients without symptoms). Further, because the sample was recruited from a single institution, the generalizability of the findings was unclear.
The primary objective of the current study was to examine whether the findings from the original LCA in the US would be replicated in samples of cancer patients from Canada and Japan. Specifically, we used LCA to investigate a) whether classification of function, symptoms, and needs in the Japanese and Canadian samples followed similar patterns as the original analysis, and b) whether analysis using a larger data set combining all three samples enabled LCA solutions with [2 classes. We expected that there would be general consistency across samples in the types of classes found but that larger data sets might allow models with more than two classes to emerge. Because our primary research question was concerned with examining the replication of the original findings, we employed the same methodological approach for the current study as was used in the original study.
Methods

Study population
This secondary analysis compared data collected in prior studies in Japan and Canada to a previously published latent class analysis of data from the US [5] . In all three studies, subjects completed the European Organization for Research and Treatment of Cancer (EORTC), Quality of Life Questionnaire Core 30 (QLQ-C30), and the Supportive Care Needs Survey Short Form-34 (SCNS-SF34). All studies were approved by their respective institutional review boards and conducted in accordance with the 1964 Declaration of Helsinki principles. This secondary data analysis used de-identified data and was considered exempt. Each of the study samples is described briefly below.
US sample
The original latent class analysis included data from 117 breast, prostate, and lung cancer patients currently undergoing treatment and age 18 years or older recruited from the Johns Hopkins Sidney Kimmel Comprehensive Cancer Center between January and May 2006. Detailed information on the study sample has been reported elsewhere [5, 6] . Briefly, the mean age of the 117 patients was 61 years, 49 % were female, 77 % were white, and 95 % had an Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 1, reflecting good function. Most patients had breast (43 %) or prostate (41 %) cancer with fewer lung cancer participants (16 %).
Canadian sample
The Canadian data were drawn from a prospective, multisite, clustered randomized controlled trial and included newly diagnosed breast or colorectal cancer patients undergoing surgery in greater Toronto. This analysis used the baseline data (i.e., within 7 days of discharge from the hospital following surgery) from 189 subjects with a mean age of 60 years, 21 % of whom were male. The majority had breast cancer (63 %) and the remainder, colorectal cancer (37 %). Data were collected between December 2005 and February 2009.
Japanese sample
The Japanese data were originally collected as part of the validation study of the Japanese version of the SCNS-SF34 [7] . The patient sample consisted of 408 ambulatory patients diagnosed with breast cancer with a mean age of 56 and attending the outpatient oncology, immunology, and surgery clinic of Nagoya City University Hospital. These women were in various stages of the cancer trajectory, ranging from 11 to 17,915 days from diagnosis (median 701). Data were collected between February 2006 and April 2007.
Measures
Supportive Care Needs Survey Short Form-34
The SCNS-SF34 is a self-reported patient measure, assessing the perceived needs of cancer patients [8, 9] . Respondents indicate their level of need for help over the last month across five domains of need: psychological, health system and information, physical and daily living, patient care and support, and sexuality. The following five response options are used: 1 = not applicable (no need); 2 = satisfied; 3 = low need; 4 = moderate need; 5 = high need. Domain scores were calculated by averaging the scores of items within each domain.
EORTC-QLQ-C30
The EORTC-QLQ-C30 is a 30-item measure that has been used to assess quality of life in cancer patients in over 3,000 studies worldwide [10] . This measure includes five function subscales (physical, role, emotional, social, and cognitive), eight symptoms (fatigue, pain, nausea and vomiting, dyspnea, insomnia, appetite loss, constipation, and diarrhea), and measures of financial impact and global health/quality of life. All domains are transformed to a 0-100 score, with higher scores on the function domains representing better function and higher scores on the symptom domains representing greater symptom burden.
Statistical analysis
We used latent class analysis to identify patterns in function, symptoms, and supportive care needs within patients. Latent class analysis models the relationship between discrete observed variables (in this case cancer-related function, symptoms, and supportive care needs) and a categorical latent variable that is not directly measurable [11] . To perform the latent class analysis using the Canadian and Japanese samples, we used the same latent class analysis methods as we used in the original US study [5] . First, we dichotomized the individual domain scores for each of the outcomes to reduce the potential number of possible response patterns and improve the ability to identify classes. We used identical criteria for dichotomization as were used in the initial study. For the five function and eight symptom domain scores from the QLQ-C30, we used as the cut-off mean scores from 1,965 Norwegians sampled at random from the general population and published in the EORTC reference manual [12] . Because the way the SCNS-SF34 is scored, average scores B2.0 represent no unmet need and scores [2.0 represent some level of unmet need. We used 2.0 as the cut-off, thus differentiating between patients with and without unmet needs. Latent class models were then fit to each of the three sets of outcomes (i.e., function, symptoms, and needs). The results of the latent class analyses were then used to categorize patients into classes based on reported patterns of function, symptoms, and needs.
Latent class analysis uses information about the patterns in the data to assign individuals to classes and allows each domain to have a different relationship with class assignment. Unlike simply summing domains to create a scale, which assumes each domain has equal weight, latent class analysis utilizes prevalence information for each domain to help distinguish between classes and allows certain domains to be more or less informative of class assignment.
For each set of outcomes, two-and three-class models were estimated. Model identifiability was evaluated by comparing point estimates between models and examining the width of posterior intervals of model parameters. Generally, due to limitations in sample size, we fit only two-class models. However, for outcomes where both twoand three-class models were identifiable, the appropriate number of classes was determined by calculating the Bayesian information criteria (BIC) for each model and selecting the model with the lowest BIC. A Bayesian estimation procedure was chosen because it provides posterior probabilities of class membership. Specifically, from the model results, posterior probabilities were estimated for each subject, defined as the probability of class membership for each class. The posterior probabilities were then used to categorize patients into different classes based on observed patterns of function, symptoms, and needs. Specifically, each patient was placed into one class for each of the three outcomes using the highest posterior probability for that subject. After conducting latent class analyses for each country separately, we then combined the data from the three datasets to determine whether the increased sample size would allow for identification of models with more classes.
Latent class models assume conditional independence, i.e., that there should be no association between function, symptom, or need domains within classes. Thus, we examined all of the possible two-by-two tables of function, symptom, and need domains within classes to test for associations using Fisher's exact test. Due to the number of comparisons (144 domain pairs), we considered p values \0.001 to be statistically significant. While this is a small p value, it is more conservative than a Bonferroni-corrected p value of 0.0003 and would produce more combinations that could violate conditional independence. Latent class analyses were performed using WinBUGS and a Bayesian estimation procedure. A technical appendix with the specification of the Bayesian analyses is provided as supplementary material. Other statistical analyses were performed using R version 2.15.1.
Results
Latent class analysis of function, symptoms, and supportive care needs in individual samples
The results of the Canadian and Japanese latent class analyses largely replicated the findings from the original US sample in that class assignment were made by level of function, symptoms, or needs (''high'' vs. ''low'' in 2-class models; ''high'' vs. ''moderate'' vs. ''low'' in 3-class models). Also, as in the prior analyses, only two-class models (''high'' vs. ''low'') were identifiable with the exception of symptoms in the larger Japanese sample, in which a three-class model was identified (''high'' vs. ''moderate'' vs. ''low'').
In the US and Japanese samples, the majority of patients were in the ''high-function'' class (59 % for both); in the Canadian sample, only 40 % were categorized as ''high-function.'' Similarly, 62 % of the US sample fell in the ''lowsymptom'' class compared to 36 % in the Canadian sample. The percentage of patients in the ''low-,'' ''moderate-,'' and ''high-symptom'' classes in the Japanese sample were 48, 35, and 17 %, respectively. Finally, the US sample was most likely to be classified as ''low-need'' (70 %) compared to 56 % in the Canadian sample and 49 % in the Japanese sample. Figure 1 shows the prevalence of worse performance for the different function, symptoms, and supportive care needs classes across the three samples based on the model classes identified. As can be seen in Fig. 1a , b, c, there was generally good differentiation between or among the classes across all three samples, and differences in prevalence between or among classes ranged considerably (with wider differences revealing greater differentiation in class by that domain). For instance, in the function analyses, emotional c Prevalence of higher needs in the two classes. Note Naus/Vom nausea/vomiting, Dysp dyspnea, App appetite, Const constipation, Diarr diarrhea, Phys physical and daily living, Psy psychological, PCS patient care and support, HSInf health system and information, SX sexuality function differentiated very well between the ''high'' and ''low'' classes in all three samples. Role and physical function did not differentiate well for the Canadian sample though they did for the other samples; social function generally did not differentiate well. In the symptom analyses, fatigue differentiated well between ''high-'' and ''low-symptom'' classes across the three samples while several symptoms (e.g., diarrhea, constipation) did not differentiate well. In the needs analyses, psychologic and health system and information needs differentiated well between ''high-'' and ''low-needs'' groups, while sexuality needs differentiated well only for the US sample; sexuality needs differentiated particularly poorly in the Japanese sample because these needs were very uncommon for both classes. While in all cases classification was made based on the level of the outcome, there were differences across samples in the prevalence levels. For instance, as shown in Fig. 1a , the prevalence for those in the ''low-function'' classes was similar for all domains in all three samples, suggesting that the ''low-function'' classification was relatively similar across the samples. By contrast, with the exception of emotional function, the prevalence ranged considerably for those in the ''high-function'' classes across the samples, suggesting differences across samples in the definition of ''high-function.'' From the model results, posterior probabilities were estimated for each subject. An examination of the posterior probability (i.e., the probability of class membership obtained from model results) for each subject for function, symptoms, and supportive care needs within each sample showed similarities with the prior study. Figure 2 shows the posterior probability of being assigned to the poorperforming class for each of the three outcomes in the US [5] , Canadian, and Japanese samples. Although some patients fall in the middle (e.g., Canadian ''low-function'' class), most patients had either a very high ([0.90) or very low probability (\0.10) of being assigned to a particular class. This suggests good differentiation with most patients having a very high or low probability of being assigned to the poorly performing class (i.e., ''low-function,'' ''highsymptom,'' ''high-need''). Among 288 pairs within classes across all analyses in all three samples, only one pair within classes tested was significantly associated with each other at a threshold of p \ 0.001, suggesting that the assumption of conditional independence holds.
Latent class analysis of function, symptoms, and supportive care needs in combined sample
In analyses combining all three samples, a three-class model fit better than a two-class model for each outcome. Figure 3 displays the prevalence of worse performance in the combined sample for each of the three classes (''high,'' ''moderate,'' and ''low''). That a three-class model was found, suggests that with a larger sample size, a greater number of classes were able to be identified. As in the individual samples, classes were generally assigned based on level rather than type of burden. Thus, the increased sample size allowed for a more granular classification of level of burden but did not lead to stark differences in the types of classes identified. However, there were some nuances; for instance, one different interpretation of the function analyses in the combined sample might be: ''consistent low function,'' ''low physical/role functions but moderate others,'' and ''high physical/role functions but moderate others.''
The plurality of patients was categorized as ''highfunction'' (47 %), ''moderate-symptom'' (40 %), and ''low-need'' (45 %). The percentage of patients in the classes with poorest performance (i.e., ''low-function,'' ''high-symptom,'' and ''high-need'') was 37, 22, and 35 %, respectively. Finally, the percentages of patients in the remaining classes (''moderate-function,'' ''low-symptom,'' and ''moderate-need'') were 16, 38, 20 %. We examined the percentage of US, Canadian, and Japanese patients comprising the classes in the combined analyses. For needs, each sample contributed roughly the same percentage of patients to each level (e.g., 25, 37, and 26 % of Canadian, Japanese and US patients were classified as ''high-need,'' respectively). However, for function and symptoms, more Canadian patients were assigned to poorly performing classes in the combined sample relative to the other samples. Specifically, more Canadian patients were classified as ''low-function'' (57 %) compared to the Japanese and US samples (29 and 32 %, respectively) and as ''high-symptom'' (30 %) compared to these other samples (16 and 23 %, respectively). We also compared the classification of patients in the individual country and combined analyses and found that there was general consistency among the classifications (e.g., patients categorized in the worse class in the individual country analyses tended to be categorized in the worse class in the combined analyses).
As shown in Fig. 3a , in the function analysis, the ''lowfunction'' class had a similarly high prevalence of poor function across all domains, while the prevalence of poor function ranged considerably across domains for both the ''moderate-'' and ''high-function'' classes. By contrast, as shown in Fig. 3b , c representing the symptom and needs analyses, respectively, the ''moderate-symptom'' and ''moderate-need'' classes had a prevalence for all domains that fell between the two extremes. Fatigue and sleep symptoms were highly prevalent (C0.62) in both the ''moderate-'' and ''high-symptom'' classes in the symptoms analysis; similarly, psychologic needs were highly prevalent (C0.81) in both the ''moderate-'' and ''high-need'' classes in the needs analysis. Sexual needs were the least common of all needs overall, but they were nearly twice as common in the ''high-need'' class as in the ''moderate-need'' class. Figure 4 shows the posterior probability of being assigned to classes for function (a), symptoms (b), and supportive care needs (c) in the combined sample. For function, most patients have very high ([0.90) or very low (\0.10) probabilities of being assigned to the ''high-'' or ''low-function'' classes. A much smaller number of patients fell in the ''moderate'' class (16 %), and most patients had a very low (\0.10) probability of being in the ''moderate-function'' class but this suggests that the patients assigned to this class are done so appropriately. The probability of being in the ''low-symptom'' or ''lowneed'' classes was reasonably well differentiated (either \0.10 or [0.90). The difference between the ''moderate-'' and ''high-symptom'' classes was less distinguishable. For those assigned to the ''moderate-'' or ''high-need'' classes, the probability of being in the class was not as strong in that fewer patients had a probability [0.80. There was a clear division between the strong probabilities of not being in the ''high-'' or ''moderate-need'' class (\0.10) or suggestion of being in either ([0.10). Altogether, only 11 out of 144 pairs within classes tested were significantly associated with each other at a threshold of p \ 0.001, so there was no evidence against conditional independence.
Discussion
The current study examined whether cancer patients' patterns of function, symptoms, and supportive care needs were consistent across cultures by comparing whether results of a latent class analysis conducted previously with data from cancer patients in the US [5] would be replicated in samples of cancer patients from Canada and Japan. Indeed, the results of the Japanese and Canadian data analyses were generally consistent with the US findings in that patients were classified based on their level of burden in each of the three outcomes. There were interesting differences in the prevalence of poor (and high) performance, suggesting some variation in the specific classes across the three samples. In other words, what it means to be classified as ''high-,'' ''low-,'' or ''moderately-'' performing may differ in different patient groups. Further, the larger sample size in the analyses combining all three samples allowed three-class models to emerge, but these classifications were still generally based on the level of burden. That we found similarities in the classification of patients across cultures and clinically diverse samples, as well as in the separate and pooled analyses, supports the findings, even though the specific performance of groups across domains might differ in different samples. Although findings from the study generally supported a method of classification based on level of burden, there were some nuances in our findings that may suggest symptom clusters. Symptom clusters are defined as the presence of three or more concurrent symptoms that are related and may or may not have a similar etiology [13] . For instance, classification of patients from the combined sample function analysis might be interpreted as ''consistent low-function,'' ''low physical/role function but moderate others,'' and ''high physical/role function/moderate others'' as opposed to ''low'', ''moderate,'' and ''highfunction''. Given that the identification of symptom clusters has been shown to differ across research samples due to differences in characteristics of the study population (e.g., cancer site, cancer stage, phase in treatment) [14] , it is possible that the heterogeneity in the three cross-cultural samples in the current study may have limited our ability to find symptom clusters. In future studies, larger samples using relatively homogeneous groups allowing for a larger number of classes to be tested might be better able to determine whether patients' function, symptoms, and needs are best classified according to level of burden or symptom clusters.
The findings of this study should be interpreted in the context of its strengths and limitations. Important strengths include the inclusion of patients with varying diagnoses, stages of treatment, and countries of origin. While the study sample was quite large when combined, it may not have been large enough to find the presence of symptom clusters in a heterogeneous group. Another major limitation is that differences in demographic and clinical characteristics across the countries in the current study limited our ability to compare whether patients across cultures were similar in their classifications. That is, had this analysis included patient samples at similar points in the cancer trajectory, we could have compared whether patients across cultures experienced similar levels of function, symptoms, and needs. Because of the heterogeneity of our samples, it is unclear whether differences in class sizes across countries were due to clinical reasons alone or whether culture also played a role. For instance, class sizes of the more poorly performing classes were larger in the Canadian sample, and a greater percentage of this sample made up the poorly performing patient classes in the combined analysis, but this sample was recruited immediately after surgery and therefore could be expected to report higher symptom severity or higher supportive care needs. Additionally, taboos against reporting sexuality needs may have contributed to the low self-reported rate of sexuality needs found for the Japanese sample although this would need to be supported by future research. Finally, given that treatments can be a key driver of the patient perspective, future studies should gather complete treatment data-which we did not have-to allow for a detailed analysis of how treatment plays a role in patients' function, symptoms, and supportive care needs and their classification in these outcomes.
An additional limitation is that this analysis did not allow us to examine the concordance of patients' symptoms, function, and needs, as we did in the prior study [5] . As the sample size and therefore the number of classes in the models grew in the current study, it became increasingly difficult to define what classifications would be considered ''concordant.'' For instance, is moderate function concordant only with moderate symptoms and needs? Continued research examining the associations among cancer patients' function, symptoms, and supportive care needs using the finer gradations that emerged from this study could clarify our understanding of these relationships.
In summary, this analysis supported the findings of our original study that the levels of deficits patients experience in their symptoms, functioning, and supportive care needs Fig. 4 Histograms showing the distributions of model-based posterior probabilities of being assigned to each class in the combined sample (N = 687). Each value represents the probability that a particular individual is in that particular class, given his or her pattern of responses to the QLQ-C30 and SCNS items. Values close to 0 and 1 represent good classification, while values near 0.50 represent class assignment based on chance. Class size is presented as the proportion of the combined sample (out of 100). a Posterior probabilities of being in the high-, moderate-, and low-function classes in the combined sample. b Posterior probabilities of being in the high-, moderate-, and low-symptom classes in the combined sample. c Posterior probabilities of being in the high-, moderate-, and lowneed classes in the combined sample 
Technical appendix
The latent class analysis for our study was completed using a Bayesian estimation procedure in WinBUGS 14. The first step in running the analysis is to specify a model. Separate code specifying a unique model is required for each combination of sample (Japanese, US, Canadian, combined), domain (needs, symptoms, functioning), and class number (two or three). The two-class model for the Japanese data for symptoms is shown below as an example.
Editing the inputs for k (number of items), m (number of classes), and N (number of patients) would customize the code for each unique combination required. Once the model is specified, the user loads the data into WinBUGS. The data are denoted by y and are a binary matrix with k rows and N columns, denoting whether each patient had reported each symptom (0 represents no symptom and 1 indicates presence of the symptom). Each patient's probability of reporting a given symptom is assumed to follow a binomial distribution with probability p. The logit (p) is estimated from the matrix gamma, which is sampled from a N (0,0.45) distribution separately for each item k and class m. Starting values are required for gamma, and we gave values of 0.25 for all model combinations. The probability of being in class m is estimated by pi which is specified by parameter alpha. The estimate of alpha is made by drawing from a N (0,0.45) distribution. A starting value for alpha is required, and we used starting values of 0.25 for all model combinations. Once the model, data and starting values are loaded, WinBUGS asks for the number of burn-in iterations for model estimation. We ran 10,000 iterations per model combination. The matrix p, with dimension 407 by 8, represents the probability of a specific patient reporting a specific symptom. The summary statistics [mean (SD), median (2.5 and 97.5 percentiles)] of the values from all 10,000 iterations are shown. Similarly, there are estimates of pi [1] and pi [2] , which sum to 100 % and are the estimates we reported for the probability of class assignment. The three-class model would also include pi [3] . The estimates for tau represent the probability of reporting a specific symptom given class assignment and are the values reported in the paper. These estimates are particularly helpful in determining whether the model fit is adequate. For example, models where the 2.5-97.5 % values for tau covered the whole range from 0 to 1, or close to it, suggested poor model fit.
The three-class model for symptoms for the Japanese data is shown below. The three-class model requires an extra specification of pi [3] and alpha [2] but otherwise the model specification and assumptions are the same as for the two-class model.
